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Malattie Neurodegenerative 

Classificazione Clinica 

Sindromi con Progressiva Demenza 

Sindromi con Disturbo della Postura e del Movimento 

Sindromi con Atrofia Muscolare Progressiva 

Sindromi con Paraparesi Spastica 

Sindromi con Progressiva Atassia 


ATROFIA MUSCOLARE SPINALE 
PARAPLEGIA SPASTICA EREDITARIA 
ATASSIA (SPINO-) CEREBELLARE 
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LOWER MOTOR NEURON DISEASE 

disfa! Nereditary Motor Neuropatfiy 

A D 

Spinai Masciilar Atrophy 

AR 

Byfbar-Spmal Museyfar Atrophy (X~lmked) 

X-linked 

(Nereditary Spasile Paraplegia 

AD/AR) 


SPINAI MUSCULAR ATROPHY 

Hs'story of thè Diseose 
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SPINAI mUSOJlAk ATROPHY 


ÒzfMiìoni progressive muscie weakness from degeneraìion and loss of thè anterior 
horn celis in thè spinai cord and brainstem nuclei 

onset from before birth to adolescence or young adulthood 
poor weight gain, sleep difficulties, pneumonia, scoliosis, joint 
contractures as common compì ications 

IM.ÒÉMCÈ. 4-10/100000 live births 

Italy 7.8/100000 (1992) 


Clìnìtaì ùiagnmìsi motor difficulties 

evidence of motor unit disease 


festing Neurophyslology : denervation, diminished motor action potential 

Mofecular 0enetic: SMNh homozygous deletion or truncation (95%) 
SMN2 : 3-ncopies of thè gene (milder forms) 

(TK2 gene and mtDNA depietion) 
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Myofibers: 

Decreased dìameier 
Mvofybe formation deficits 


Astrocyies: 
Shorter Processes 
increased GFAP 
exprasslon 


Motor Mmmm 


la Afferents : 

Decreased synaptic 

function 

Denervation 


Schwann Cells: 
Decreased myelin 
sheath thickness 
Myelination deficits 
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SPINAI MU5CULAR ATROPHV 



onset 

Ufe spati 

mot or mìiestones 

others 

SMA I 

<6 mos 

<2 yrs 
(or longer) 

sit with support 

mild joint contractures 
minima! facial weakness 
suck and swallow difficulties 

SMA II 

6-18 

70% olive 
at 25 yrs 

indipendent sitting 

postura! tremor or fingers 
wheel-chair bound 

SMA III >12 yrs 

norma! 

independet ambulation wheel-chair bound (late) 

SMA IV adulthood 

norma! 

norma! 
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SPINAI MUSCULAR ATROPHY 



onset 

fife $pm 

motar mììesfones 

ofhers 

SMA I 

<6 mos 

<2 yrs 
(or longer) 

sit with support 

mild joint contractures 
minimal facial weakness 
suck and swailow difficulties 

SMA IX 

6-18 

70% alive 
at 25 yrs 

indipendent sitting 

postura! tremor or fingers 
wheel-chair bound 

SMA III >12 yrs 

norma! 

independet ambulation wheel-chair bound (late) 

SMA IV adulthood 

normal 

normal 
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HERED1TARY SPAST1C PARAPLEGIA 
Aqz of Onset and Phenotypes 

Congenital 
Late Infantile 
Childhood - Adolescence 
Adulthood 



— > 

age 


— — Dorsaf (posterior) coiumns 

(Sensations from sanie side of body) 

Cuneate fasci cu ius 

(Discriminative touch and 
proprioception, 
upper iimb} 


Dorsal spìnocerebeliar; 
tract (Propriocepticn,’ 
iower iimb, same side} 

Nucleus proprius of dorsai 
hom {Oricin of confralaterai 
spinothalamic tract) 

Ventral spìnocerebeliar tract 

(Proprioception, both iower limbs) 


Spìnothaiamic tract 

(Simple touch, paìn and temperatura 
opposte side of body) 



Lateral corticospinai 
(pyramidai) tract 
(From contrasterai cerebra! 
corte*; skiited and wi iteci 
nriovements, sama side 
ofbody) 

Laterai horn (Ongin of 
' preganciionic sympathetic 
fibers; in segments TI to U2) 


Umb muscles ! 

Tfunk muscìes j 


Motor neurons 
in ventral horn 


Fig. 54. Cefi coiumns and 
traete of thè human 
spinai cord 


Nucleus thoracicus 
(Ongin of dorsal 
spìnccereòeiiar tract; 
in segments TI to L3j 


Vestìbulospinal tract {Uncrcssed: 
stimuiaies, extensors of trtmk and iower 
Iimb, and ftexors of upper iimb) 


Reticuiospinal fibers 

(Crasseo and uncróssed; 
unskìlied and invoiuntary 
move menta) 
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HEREDITARY SPASTTC PARAPLEGIA 


befmifmn: insidiously progressive lower-extremity weakness and spasti city 

begins at any age, from early childhood through late adulthood 
progresses slowly over many years without exacerbations, remissions 

Uncomplicated HSP (“pure”) 

difficulty walking (often require canes, walkers, or wheelchairs) 
urinary urgency 
lower-extremity paresthesiae 

Compìlcafed HSF 

see above plus 

other system involvement or 

other neurologie findings such as seizures, menta! retardation, dementia, amyotrophy, 
extrapyramidal disturbante, or peripheral neuropathy 

Many types of complicated HSP are associated with symmetric muscle airophy of thè 
distai upper and iower extremities. 
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HEREDITARY SPASTIC PARAPLEGIA 

Clinica! Peafures 


Bilateral lower-extremity spasticity and weakness that is maximal in thè iliopsoas 
hamstnng,and tibialis anterior muscles. 

Spasticity and weakness are variabie: spasticity with no weakness, 

spasticity and weakness in approximateiy thè 
same proportions. 

Lower-extremity hyperreflexia and extensor piantar responses 
Mildly hyperactive deep tendon reflexes in thè upper extremities 

Mildly impaired vibration sensation in thè distai lower extremities and occasionally 
of jomt position sensation ' 

Normal strength and dexterity of thè upper extremities and no involvement of 
speech, chewing, or swallowing. 


HEREDITARY SPASTIC PARAPLEGIA 

Diagnostic Criterio: 
Laboratory Findings 

Neurophysiology 

SEP 

Inheritance 

Neuroimaging 

AD 

(SMC) 

EMS/ENG 

Senetics 

(Biochemistry) 

AR 

X-linked 
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HEREDITARY SPAST1C PARAPLEGIA 



Genetics 

Àutosomal bommant Forms 

SP&3A 

SPG3A/À thstin 

uncomplica+ed 

childhood 


(GTPase similar to dynamin) 

onset: non progressive spasile gait (Db: cerebrai palsy) 

SP&4 

Spast/Spastin 

uncomplicated* 

3 rd decade 


(Microtubulc-bound protein?) 

complicateci 

inf ancy- senescence 

SPG 10 

KIF5A 

(axonal flow reloted protein) 

(un)complicated 

infancy-adulthood 

5PG17 

BSCLZ/seipm 

(ER membrane protein) 

complicated 

adolescence 


* most frequent HSP 


HEREÒXTAky 

SPASTXC PARAPLEGIA 

Senetics 

Àutosomal Recessive Forms 

SPG? SPGJ/pamplegm 

(proteina mitocondriale) 

complicated 

adulthood 

SP&ll SPSl 1/KIAAl 840 

complicated 

(thin corpus callosum, MR) 

child-adulthood 

SPS20 SPSZO/sparfm 

complicated 

childhood 

(traffico endosomiale?) 

(Troyer syndrome) 


SPOAU syndrome 

complicated 

infancy 

(Spasile Paraplegia Optic Atrophy Neuropathy) 
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HEREDITARY SPASTIC PARAPLEGIA 


Senetics 

X-linked 


SPS1 LXCAM* 

complicated 

congenital 

SPG2 PIPI 

complicated 

childhood 

Allan-bierfìdon SLC16A2 / 
Dudley MCT8 

complicated 

congenita! 


*L1 syndrome: -X-linked hydroccphalus with stcnosis of acqueduct of Sylvius (HSAS) 

-Mental retardation, Aphasia, Spastic paraplegia, Adducted thumb (MASA) 
-X-linked, complicated corpus callosum agenesis 
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SPB1 LICAM* complicateci congenita! 



*L1 syndrome: -X-linkcd hydroccphalus with stenosis of acqueduct of Sylvius (HSAS) 

-Mental retardation, Aphasia, Spastic paraplegia, Adducted thumb (MASA) 
-X-linked, complicated corpus callosum agenesis 


SP& 2 PIPI complicated childhood 
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Jmyellnatìon 

MPLP, CX47» 
°) FÀ2H, MAC 

H 


NEU.RON l>EVELOFMENT 
/ SYNAPSE REI , ATEI) 
FLKTX, BICf>2 RA»3<3AP2, NCAM, M< 


! ARWIPi 


CTSj 


■I ENDOSOMIIS 

NIPAL ÀP4,AP5, 
VSP37A, spastizin, 
! spartì»* spararsi», 
spasi in, strurapelln 
i maspardi», KÌF 1 C 
-j LSP8, W»R48, TF 


LIBO) METABOLISMI 
CYPTBI, sdpk. PAPLAI, 
R42H, FNPJLA6, ÀcoA 
carrier, 1>DHI>2, CVP21JL 
ÀRSI, PCAPh B4GÀLNTL 
GBA2 


i ERA» MTHWAY 
: ami FROTEIN 

! mumc 


Felwbiqmtination m w ~tr\ 

& S 



Jsftnc* 

BULINI 

Substrati reeognition 


m MEMBRANE 
MODELLINO 
reticolo»-! 
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INHERITED ATAXIAS 


Clinica! mam’festations of hereditary ataxia are poor coordination of movement and a 
wide-based, uncoordinated, unsteady gait. Poor coordination of thè limbs and of speech 
is often present. 

Ataxia may result from dysfunction of thè cerebel lum and its associated systems, 
iesions in thè spinai cord, periphera! sensory loss, or any combination of these three 
conditions. 


Prevalence HCA 9-11:100000 (Italy, Egypt, UK, Portuga!) 

ADCA 4-5.6:100000 (Norway, Portugal, Japan) 

ARCA 2.3-5.3:100000 

FRDA 2-4:100000 
A-T 1-2.5:100000 




Cerebellar divisions 


Spinocerebellum 
(Vermis + Intermed. Hem) 

Control of limbs 
and trunk 
Cere brocerebellum 
(Lateral hemisphere) 
Planning of movement+ 

Vestibulo-cerebellum 
(Floculo-nodular lobe) 

Control of eye & 

head movements 
Balance 


IVth ven 


NT A Fig. 13-1 


Floculo-nodular lobe 


Vermis 

Intermediate hem. 
Lateral hem. 
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Principali Segni e Sintomi di Coinvolgimento Cerebellare 


Incoordinazione del Movimento Volontario 

della muscolatura degli arti atassia 
della muscolatura orale disartria 
(della MOE coniugata) nistagmo 

Tremore "Intenzionale" 

Disturbo dell'Equilibrio (Marcia), della Stazione Eretta 

Riduzione del Tono Muscolare 


Start Target 



Traiettorie della mano per raggiungere un bersaglio 

A: individuo sano 

B: incoordinazione (errore di pianificazione): lesione corticale e/o emisferica 
C: dismettici (mis- match tra "modello interno" e reale esecuzione): lesione 
spino-cerebellare 
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Autosomic Dominant Ccrebellar Ataxias 

A5CA Type I 

cerebellar and non-cerebellar signs 


(SCA1-4, SCA8, SCA1Q, SCA12-23, SCAZ5, SCAZ7 , 


SCA28, SCA32-36) 

A5CA Type II 

as above plus pigmentary maculopathy 


(JSCA7) 

AÙCA Type III 

pure (+ non cerebellar signs: pyramidal signs. 


parkinsonism, neuropathy (SCA30-31) 




Autosomic 

Dominant Cerebellar Ataxias 

cerebellar ataxia associateci with 

SC Al (I) 

ATXN1 

CAG repeat 

3rd-4th 

pyramidal signs, peripheral neuropathy 

SCAZ (I) 

ATXN2 

CAG repeat 

3rd-4th 

slow saccades, peripheral neuropathy, 
dementia 

SCA3 (X) 

ATXN3 

CAG repeat 

4th 

pyramidal extra -pyramidal signs, nystagmus, 
slow saccades, amyotrophy, fasciculations, 
sensory loss 

SCAÓ (XXX) CACNA1A CAG repeat 

5th-6th 

episodic ataxia, slow progression 

SC A 7 (XX) ATXN7 

CAG repeat 

3rd-4th 

visual loss with retinopathy 

m?iA 

ATN1 

CAG repeat 

3rd-4th 

chorea, seizures, myoclonus 

E Al 

KCNA1 

mutations 

lst decade 

myokymia (induced by activity; no vertigo) 

EA2 

CACNA1A muta+ions 

lst decade 

attacks of long lasting nystagmus 
(postura! changes)- - >permanent 
ataxia; vertigo 

AÙSA 

SAX1 

mutations 

lst decade 

progressive leg spasticity, 
peripheral neuropathy 
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Autosomic Recessive Cerebeliar Ataxias 




cerebeliar ataxla associateci with 

mt>A 

FXN 

&AA tripict 
expansion 

lst decade sensory neuropathy; amyotrophy; Babinski sign; 
dysarthria; cardiomyopathy 

AV ED 

TTPA 

mutations 

8-15 yrs sensory neuropathy, dysarthria, dystonia, mental 
decline, psychosis, retinopathy, head titubatio 

AkSACS 

SACS 

mutations 

lst decade spasticity, peripheral neuropathy, 
retinal striation 

A~T 

ATM 

mutations 

7; 14 translocation 

1-4 yrs choreoathetosis, ocuiomotor apraxia, 
telangectasia 

AQAl 

APTX 

mutations 

childhood ocuiomotor apraxia- -> ophthalmoplegia, mild MR, 
choreoathetosis, severe motor neuropathy 

AQAZ 

SETX 

mutations 

2nd decade ocuiomotor apraxia, sensorimotor neuropathy 

MSS 

SILI 

mutations 

congenita! mental retardation, myopathy, cataract, 
short stature 

I OSCA 

PEOl 

mutations 

infantile athetosis, ophthaimolegia, optic atrophy, 
neuropathy 

Refsurn d 

PHYH/PEX7 mutations 

l-6th dee neuropathy, deafness, ichthyosis, retinopathy 
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fatisi. Tipica! Sìgns and Symptoms of ; a Cerefceflar Atalia and Misfakes 
toAvoId fftfie Diagnosis of CeroMar Atosìi is Urcceriain, 

fypiol slgns and symploms ofeerebeltei' alaxia 

Ctumslness* swervmg 
DiflcuHy m walking 

Balance problems, swa^ing, faffmg (leadlngto or manifested as trauma) 
Difficnfly in dressing, bandìing utensils, and writìng 
Siurred speecb 
Hypotonia, sfevmess 

Delayed mator devebproerit fonset of waildng after 18 mo) 

Intenti© nai harsd tremor 

Oizziness (pstient Is soroetimes referred to otorhmdary ngdogist) 

Visual disturbances (patìent is sometimes referred to ophthafsmobgist) 
ìndéental finding of cerebellar atrophy $m magneiìc resonance imagbg 
Mìstakm to avoid if diagnosi of cerebdlar n is uncertaln 
Neglecfmg tbe d bordar 
Consideri^ a psichiatrìe orlgìn 

Suspectsng sm oto rh Indaryn gologìc, ophthafmobgic, oithopedìc, 
or a rbeumatologìe cause 

Mot reqyestlng a second examinatìon severa! weeks or months bter 

Mot referrmg patìent to a neorologist ora pediatHcian who spedale®? Io 
neurologi 

Mot urgentfy investigatmg a« acute cembeltar stadia 


MALATTÌA di FRIEDREiCH 

Criteri Diagnostici 

essenziali (entro 5 anni daii'esordio) 
esordio entro i 25 aa 

atassia progressiva degii arti e deila marcia 
risposta plantare estensoria 
assenza riflessi profondi degii arti inferiori 
MNCV >40 m/s con SAP ridotto o assente 

aggiuntivi 

scoliosi 

segni piramidali degii arti inferiori 
assenza riflessi profondi arti superiori 
disturbi sensibilità’ profonda degii arti inferiori 
alterazioni ECG 

50% dei pazienti possono presentare 
nistagmo 
atrofia ottica 
sordità’ 

amiotrofia distale 
piede cavo 
diabete 
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MALATTIA di FRIEDREICH 


Genetica e Pa tologia 


prevalenza 2/100000 

cromosoma 9q GAA repeats intronici 

95% omozigosi 

5% repeats/mutazioni puntiformi 

fratassina: proteina mitocondriale, deputata alla produzione 
della energia cellulare 

interessamento sistemi di fibre che si originano da: 
neuroni gangli spinali 
motoneuroni 
neuroni piramidali motori 
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ATASSIA SPASTICA FAMUARE 


15 mesi: inizio deambulazione 
II anno: atassia AAII 

4 aa: atassia della marcia con ipotonia; note di steppage; iporeflessia achillea; 

ritardo linguaggio 

7 aa: marcia parapareto-atassica; clono bilaterale del piede con segno di Babinski; 

rr profondi presenti; ipopallestesia distale AAII 

SM C: conduzione centrale 

SEP: 1 1 conduzione centrale 

BAERs:j non valutabile la componente centrale 

RMN- encefalo: atrofia cerebellare 

Analisi Molecolare gene SACS: mutazione in eterozigosi 2343insT 

R895X 
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